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Conditions leading at the beginning of North-East Monsoon season on the Bay of Bengal studied using various ocean/ 
atmosphere parameters such as wind speed, shortwave radiation, sea surface temperature, latent heat flux, net surface heat 
flux and outgoing longwave radiation for two contrasting North-East monsoon onset years such as 1984 (Delayed) and 1999 
(Early). During 1984 sea surface temperature is high over the northern portion of the Bay of Bengal but in 1999 which is the 
early North-East Monsoon year it is high over the south-eastern portion. In the delayed year i.e. in 1984, sea surface 
temperature over northern portion of Bay of Bengal warms more than an earlier year i.e. 1999, but contrast behaviour is 
observed in the south-eastern portion, it warms more in 1999 than 1984. From the analysis, it also observed that in delayed 
year more heat evaporates than an early year. 
[Keywords: Bay of Bengal, Latent Heat Flux, North-East Monsoon, Outgoing Longwave Radiation, Sea Surface 
Temperature, Wind Speed] 
Introduction 
The term “North-East Monsoon (NEM)” is often 
used to describe the period from October to 
December
1
, it’s known as winter monsoon, post-
monsoon or retreating southwest monsoon
2
; one of 
the significant component of Indian Monsoon cycle
3
. 
Similar to summer rainy season, NEM perform a 
significant role not only for agriculture development 
but also for economic development
4
 over Southern 
Peninsular of India. It mostly affects the southern 
meteorological sub-divisions of Rayalaseema, Tamil 
Nadu, Coastal Andhra Pradesh, South Central 
Karnataka and Kerala
5
. Of these sub-divisions, Tamil 
Nadu experiences extra rain throughout the NEM 
season compared to southwest rainy season; it is in 
the coastal band where the onset and withdrawal 
activity of NEM are well marked
6
. Tamil Nadu 
usually receives precipitation because of the 
development of convective systems like, depressions, 
deep depressions, low pressure area, cyclonic system 
which form on the Bay of Bengal (BoB)
1
. The BoB is 
situated in the eastern region of the north Indian 
Ocean, it holds rare physical and atmospheric setting
7
. 
It is observed that rainfall obtained during this period 
is extremely variable. Therefore, it is necessary to 
predict the behaviour of rainfall during this period in 




Heat exchange between ocean and atmosphere 
during the particular season at different time scales 
might be responsible for the atmospheric condition
9
. 
Scientists are interested to explore the NEM season 
and are trying to find the interrelationship of NEM 
rainfall patterns besides various meteorological 
parameters. Gibies et al.
10
 showed the variation of 
NEM rainfall over southern peninsular India (SPI) for 
strong and weak NEM rainfall years from 1951 to 
2003 using SST, zonal wind at 850 hPa and sea level 
pressure (SLP). They concluded that among all 
parameters SLP between the western pacific and the 
western Indian Ocean contribute to deciding an 
intensity of NEM rainfall over SPI. Charlotte et al.
11
 
studied the different types of fluctuations generated 
during NEM over SPI, and they observed that NEM 
of SPI is extremely complicated and it doesn’t follow 
any easy directive during the season. They also 
observed that if the SST of BoB is cool & steady for a 
longer period and if it is hotter than the Arabian Sea 
then SLP decides the rainfall pattern of SPI. Using 
NCEP 6-hourly reanalysis data of meridional & zonal 




wind component, temperature, net longwave radiation 
and vertical velocity Geetha & Balchandran
12
 
observed that during the NEM season of 2010 over 
SPI three easterly waves passed and time phase of 





 spotted the connection 
between NEM rainfall over SPI and Sri Lanka. Rao
14
 
studied the probability of NEM rainfall over Southern 
India they used Global pressure fluctuations data and 
showed the connection among Southern Oscillation 
Index with NEM rainfall during April & May. He also 
showed the same connection among North Atlantic 
Oscillation with NEM rainfall during January & 
February. While showing the relationship between the 
southern oscillation index and NEM, Raj & Geetha
15
 
showed the negative relation with SOI and NEM 
rainfall of the southern Indian peninsula and they also 
pointed that performance of southwest monsoon gives 
certain signals of the guaranteeing NEM occurrence. 
Raj et al.
16
 found that NEM movement over coastal 
Tamil Nadu negatively correlated with the low-level 
zonal winds over the coast and its relation was 
reported to decrease while moving from north to 
south and also from October to December. Aditya & 
Selvaraj
1
 studied the relationship between the NEM 
rainfall and southwest region of Tamil Nadu; and 
observed that southwest monsoon and NEM season 
are not independent. If we go through the previous 
literature it has observed that the condition or air-sea 
interaction processes before the onset of the NEM 
season is not clearly defined yet and hence the 
possible role of the conditions on the BoB during the 
onset of NEM remains unidentified. Hence, we have 
attempted to study the irregularity of the 
meteorological parameters over BoB for the period of 
two different NEM years, i.e. 1984 and 1999. The 
reason behind to choose these particular years is 
variations observed in NEM onset date i.e. 3
rd
 
November in 1984 (hereafter delayed) and 4
th
 October 
in 1999 (hereafter early) over coastal Tamil Nadu
16,17
. 
The main purpose of this analysis is to observe the 
role of various meteorological parameters and their 
behaviour over BoB during delayed and early NEM 
onset year over the southeast peninsular India.
 
 
Materials and Methods 
The onset dates for the study period has been taken 
from Raj et al.
16
 which provided the onset dates of 
NEM years from 1981 to 2000. Among those years 
1984 and 1999 contained almost one month difference 
in onset dates of NEM. In 1984 it was on 3
rd
 
November and in 1999 it was on 4
th
 October. The 
mean onset of NEM over the southeast peninsular 
India is 20
th
 October, but it is observed that in 1984 
it’s 13 days after and in 1999 it’s 16 days before of 
mean NEM onset. Because of their contrasting 
behaviour, the year 1984 and 1999 were considered 
for present work as a delayed and early NEM years 
for the southeast peninsular India and looked at the 
role of various ocean and atmospheric parameters 
over BoB (80-100° E, 0-25° N). Different types of 
datasets are considered for present study like 
TropFlux
18,19 
(1°×1°), NOAA-OLR (National Oceanic 
& Atmospheric Administration (2.5 degree×2.5 
degree)), GPCP (Global Precipitation Climatology 
Project (2.5°×2.5°)) and National Centre for 
Environmental Prediction
20
/ National Centre for 
Atmospheric Research (NCEP/NCAR 2.5°×2.5°) 
data. Various air-sea interaction parameters are 
examined in present study like SST, Wind Speed 
(WS), Shortwave Radiation (SWR), Latent Heat Flux 
(LHF), Net Surface Heat Flux (NetFlux), The 
Outgoing Longwave Radiation (OLR), Precipitation 
(Pp) and Precipitable water (Pwat).  
Following steps were considered to find out the 
conditions during the beginning of North East rainy 
season on the BoB.  
Step 1: Five days period i.e. Pentad Data (average 
of five days) are considered to the study of the 
distribution of SST and LHF before 35 days of North-
East Monsoon onset (NEMO) for both the years. 
Step 2: Compute the correlation among the SST 
and LHF for the same period used in step 1.  
Step 3: Daily time interval data (Daily average 
data) used to find out the behaviour of all the above-
mentioned air-sea interaction parameters during  
15-Sept to 15-Nov. 
Step 4: The movement of OLR and Pp at a 
particular time & latitude during 15
th
 September to 
15
th
 November over BoB (20° S - 30° N) are 




Sea Surface Temperature (SST) 
The change in SST is a very significant part in the 
beginning and for the maintenance of atmospheric 
processes for example, rainfall and later floods, larger 
changes in sea-level and for beginning of tropical 
hurricanes. Changeability of SST is significant as the 
period and strength of SST gives root for the analyses 
of atmosphere change scenarios and convection from 




the cooling sub-surface layer. Figure 1 shows the 
pentad wise variability of SST for years 1984 
(delayed) and 1999 (early) onset of NEM. During -7 
pentads (before 35 days) of onset of NEM, SST 
warms over the northern and south-eastern part of 
BoB in 1984 and 1999. In northern  part  of  BoB  the 
highest SST observed were 29.99 °C & 29.48 °C in 
1984 and 1999, respectively and in south-eastern part 
it’s observed as 29.44 °C in 1984 & 29.55 °C in 1999. 
This SST behavior indicates that during the NEM 
season, in delayed year (1984) northern part of BoB 
warms more than early year (1999), but contrasting 
behavior is observed in south-eastern part, it warms 
more in 1999 than 1984. The average SST over BoB 
is 28.62 °C and 28.76 °C observed for 1984 and 1999, 
respectively. In -6 pentads (before 30 days) of onset 
of NEM, the highest SST observed was 30.44 °C over 
the northern part of BoB in 1984 and 28.90 °C in 
1999. When south-eastern part was observed, the 
highest SST 29.15 °C was observed at long 98.5 °E & 
lat 6.5 °N in 1984 and in 1999 it’s 29.78 °C at same 
long but at lat 5.5 °E. The average SST during -6 
pentads was 28.56 °C and 28.54 °C in 1984 and 1999, 
respectively. In -5 pentad (before 25 days) of onset of 
NEM, in 1984 the SST warms same as -6 and -7 
pentad over northern BoB but the highest SST 
observed at northern BoB is 30.32 °C at long 90.5 °E 
& lat 22.5 °N and in 1999 it was highest in the south-
eastern part. The average temperature at -5 pentads 
was 28.48 °C & 28.40 °C in 1984 & 1999, 
respectively. In 1984 the average temperature was 
decreased from -7 to -4 pentad and again starts to 
increase in -3 to 0 pentads. In an early-onset year 
(1999) SST decreased and increase behavior is the 
similar as that of the delayed year. In both the years 
from -3 pentad (before 15 days) the average SST 
increased continuously to 0 pentads (onset of NEM), 
but in 1999 (early) higher SST was observed from  
0 to -7 pentad compared to 1984 (delayed). 
 
Latent Heat Flux (LHF) 
Latent heat flux is the indications of the 
temperature lost due to vaporization at the surface 
layer of the ocean. Pentad means of latent heat  
flux shown in Figure 2 before the 35 days of onset  
(-7 pentad) in 1984, the LHF is high compared to 
1999. The more energy is absorbed into the central 
part of BoB in 1984 and in 1999 it absorbed less 
energy. In -6 pentads (before 30 days) of onset the 
average LHF in 1984 is -92.51 w/m
2
 and in 1999 it 
was -126.2 w/m
2
. In the case of -3 pentads (before 15 
days) more energy is absorbed in 1984 compared to 
1999. On onset date (-0 pentad) the LHF was -110.9 
w/m
2
 in 1984 and -101.9 w/m
2 
in 1999, indicating 
absorbance of more moisture in 1999 than 1984 on 
the onset date. Figure 3 shows the correlation between 
SST and LHF for 1984 and 1999. When moving from 
-7 pentad to 0-pentad period in the year 1984 the 
higher positive correlation area was observed at -3 
pentad in south-west region of BoB and when 
compared with -3 pentad in 1999 it showed positive 
 
 
Fig. 1 — Pentad mean of SST in °C for 1984 (Delayed) and 1999 
(Early) NEM years 




correlation near the equator and at some eastern 
regions. Higher negative correlation area was 
observed over the south-eastern region and some 
northern region of BoB at -2 pentad in 1999 and in 
case of 1984, negative correlation area was  observed 
towards the south-eastern part at -2 pentad.  
On the onset period (0-pentad) the high positive 
correlation was observed in the south-east region in 




Fig. 2 — Pentad mean of LHF in w/m2 for 1984 (Delayed) and 




Fig. 3 — Correlation between SST & LHF for 1984 (Delayed) 
and 1999 (Early) NEM years 
 




Conditions of various ocean-atmospheric parameters from 
15th September to 15th November over Bay of Bengal during 
two contrasting Northeast Monsoon onset years (1984 and 
1999) 
 
a) Sea Surface Temperature (SST) 
Distribution of SST over BoB for onset NEM 
period is shown in Figure 4(a); the maximum 
variation in SST is observed in 1999 which is an early 
onset of NEM year as compared to 1984 which is a 
delayed year. In 1984 the highest SST observed on 
23
rd
 September and lowest on 14
th
 October. On the 
other hand, in 1999 maximum SST occurred on 6
th
 
October and minimum on 3
rd
 November. Before the 
15 days of onset dates for both the years, the SST 
slightly increased in 1984 from 14
th
 October to onset 
date i.e. 3
rd





 September and decreased 
from 23
rd
 September to onset date i.e. 4
th
 October. In 
October, two maximum SST points were found in 
1999 and one minimum SST point in 1984. 
 
b) Wind Speed (WS) 
Figure 4(b) shows the distribution of WS for the 
same period which is used for SST. In 1984 the 
highest wind speed is on 13
th
 October and the lowest 
is on 20
th
 October, whereas in the case of 1999 WS 
was highest on 28
th
 October and lowest on  
2
nd
 October. In middle of the September i.e. from  
15
th
 September to 22
nd
 September wind speed is high 
in 1999 and low in 1984, it also observed that SST 
behaves same as WS for the same period in 1999 and 
1984.  
 
c) Latent Heat Flux (LHF) 
Figure 4(c) shows the behaviour of LHF. It shows 
how much temperature is lost through vaporization at 
the ocean external layer. We can see that maximum 
LHF is found before 15 days from date of onset for 
the year 1984 on 19
th
 October i.e. -63.65 w.m
-2
 and in 
1999 is found before 12 days from the date of onset 
i.e. on 22
nd
 September (-78.08 w.m
-2
). Minimum LHF 
is found on 12
th







 for 1984 and 1999, 
respectively. From Figure 4(a) it is spotted that when 
SST is at high-level, LHF is decreased and when the 
SST is low LHF is increased.  
 
d) Shortwave Radiation (SWR) 
Figure 4(d) shows how much energy is radiated 
during contrasting NEMO years. It observed that from 
15
th
 September to 15
th
 November radiation is higher 
in 1984 (delayed) compared to year 1999 (early). The 
maximum radiation is observed on 16
th
 October i.e. 
240.01 W/m
2
 in 1984 and 1999 it was high on 23
rd
 
September i.e. 225.2 W/m
2
. In the case of 1984, the 
low energy is radiated during the starting of the last 
week of October which is one week before the onset 
and in 1999; it is during the end of the last week of 
September which is few days before the onset.  
 
e) Net Surface Heat Flux (NetFlux) 
Figure 4(e) shows the behavior of NetFlux.  
In 1984, the higher peak of NetFlux is observed 
during the third week of October which is one week 
before the onset date. From the last week of October, 
it continuously decreased till the onset date. In 1999, 
the higher peak of NetFlux is observed during the 
third week of September which is one week before the 
onset. But in the last week of September, it showed 
little variation till onset.  
 
f) Outgoing Longwave Radiation (OLR) 
OLR is a reliable indicator of convective clouding. 
Low OLR indicates cold temperature while high OLR 
 
 
Fig. 4 — Daily distribution of: (a) SST, (b) WS, (c) LHF, (d) SWR, 
(e) NetFlux, (f) OLR and (g) Pwat from 15th September to 15th 
November over BoB for 1984 (Red) and 1999 (Green) NEM years 
 




indicates warm temperature generally cloud-free 
conditions. Figure 4(f) represents the behavior of 
OLR during contrasting NEMO year. The high OLR 
was found on 23
rd
 October i.e. 264.97w/m
2
 in 1984 
and on 10
th
 November i.e. 249.88w/m
2
 in 1999. 
Before 10 days of onset in both the years, the cold 
surface area is observed in 1999 as compared to 1984. 
 
g) Precipitable Water (Pwat) 
Figure 4(g) represents the condition of Pwat during 
1984 (delayed) and 1999 (early) NEM years. Higher 
Pwat indicates a deep moisture layer which increases 
the potential for heavy precipitation and lower Pwat 
indicates a low moisture layer. Deep moisture layer 
was observed in 1999 (early) as compared to 1984 
(delayed) NEM years. In 1984 the high peak of Pwat 
was observed on 3
rd
 October i.e. 47.18 kg/m
2
 which  
is almost one month before the onset date (3
rd
 
November). In the case of the early-onset year, i.e. 
1999 the high peak of Pwat is observed on 18
th
 
October i.e. 49.14 kg/m
2
 which is thirteen days after 
onset. But when we observed the condition before 
onset, higher Pwat was observed in 1999 compared  
to 1984.  
Time latitudinal Hovmoller representation of Outgoing 
Longwave Radiation and Precipitation 
Figure 5 (a) and (b) shows the time latitudinal 
Hovmoller plot of OLR and precipitation respectively 
over BoB (20° S - 30° N) during 15
th
 September  
to 15
th
 November for the years 1984 and 1999.  
It observed that in 1984 which the delayed NEMO 
year, cold temperature is found near to the equator in 
mid-September which is almost two months before 
the NEMO. It’s little shifted towards the north from 
mid-September to the first week of October. But high 
temperature is observed near to the equator in mid-
October. Again the temperature has decreased from 
south to north from last week of October which is  
17 days before the NEMO. In the case of early NEMO 
year i.e., 1999 (4
th
 October) the low-temperature area 
observed from mid-September is just near to the 
equator which is 18 days before the NEMO. This cold 
temperature is observed until the last week of October 
from south to north. It is found that low energy is 
emitted in early-onset years and high in delayed onset 
year. In 1984 higher precipitation area is observed 
near to the equator in mid-September. This high-
rainfall area is shifted towards the southern and 
 
 
Fig. 5 — Time-latitudinal Hovmoller plot of: (a) OLR, and (b) Precipitation; over BoB during 15th September to 15th November for  
1984 and 1999 




northern regions at the end of the September. From 
the starting of October, the low precipitation area 
covered the almost northern part of BoB. High 
precipitation area is observed in the early year of 
NEMO i.e., 1999 compared to 1984 which is delayed 
near to the equator. This high precipitation area is 
continuously moving from mid-September to mid-
October. 
 
Summary and Conclusions 
The current analysis concentrate only on the 
performance of two different years of the beginning of 
the North-East rainy season over the southeast 
peninsular India, namely, 1984 and 1999; but 
thoroughly determines the convenience of different 
datasets to improve knowledge of the air-sea 
communication activities over the BoB on a pentad 
scale (5 day means) which is very important from the 
monsoon onset view point. The main conclusions, 
which we draw based upon this analysis are: 
 The SST’s were in general warmer over the BoB 
during an early Northeast Monsoon Onset year 
(1999) as contrasted to the delayed Northeast 
Monsoon onset year (1984). 
 Low values of wind speed were spotted over the 
BoB throughout the onset periods, irrespective 
whether they were early or delayed. 
 The propagation of convection and rainfall were 
organised during an early northeast monsoon 
onset as compared to a delayed monsoon onset. 
 Maximum correlation between SST and LHF was 
about 15 days before the NEMO during a delayed 
year (1984), where as in the case of an early 
NEMO (1999) it was about 35 days (7 pentads) 
before NEMO. 
These analyses are preliminary in nature and hence 
planned to use a bigger dataset for a period more than 
a decade, to illustrate conclusions designed for more 
than one early (delayed) northeast monsoon onsets. 
We also believe that the data from a suite of upcoming 
satellites will provide more valuable information. 
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